In this paper a new meta-heuristic technique, Stud Krill herd Algorithm (SKHA) is employed for the solution of optimal placement and sizing of Distributed Generation (DG) in radial distribution system. The main objective is to minimize the line losses considering various constraints like voltage limit, DG real power generation limit, power balance constraint and DG location constraint. Krill movement is based on the two factors -minimum distance of the Krill individual from food and highest density of the herd and for better performance adaptive genetic operators, stud selection and crossover (SSC) are included. The proposed algorithm is implemented on 33, 69 bus IEEE test system and 94 bus Portuguese radial distribution system. The results are compared with recently developed heuristic and analytical methods from the literature. The outcomes reveal the effectiveness of the algorithm. 
Introduction
Distributed generation (DG) is a small scale generation otherwise called as embedded generation, dispersed or decentralized generation, which generates power in the range of 3-10,000 kW from wind, solar, bio-mass, fuel cells, micro turbines etc. DG units are connected closer to the customers and are used for industrial, commercial and domestic applications. The main advantages of using DG units are improving voltage stability, real power loss reduction, reliability, grid strengthening and reduction of SO 2 , CO 2 gas emissions. Although DG has lots of advantages, the key problem in DG placement is the selection of optimal location and size of DG units. If DG units are improperly allocated and sized, the reverse power flow from larger DG units can lead to higher system losses, voltage fluctuations and increase in costs. Hence, to minimize losses, it is important to find the best location and size of DG units [1] [2] [3] [4] . In recent years many researchers have proposed new analytical approaches based on power stability index (PSI) and power loss sensitivity (PLS) index to find the optimal location and sizing of DGs for obtaining an optimal solution of the power loss minimization problem in the radial distribution system [5] [6] [7] .
The critical bus can be found out from PSI and the DG should be placed at the end of the line which is having highest PSI. The size of DG is determined based on real power loss minimization. Voltage profile, the real and reactive power intake by the grid, real and reactive power flow patterns, cost of energy losses, savings in the cost of energy loss and cost of power obtained from DGs have also been considered while solving the DG problem. Near optimal results are the main drawbacks in all the above methods. The method described in [6] , though the convergence is achieved at few iteration, but the method is not applicable for unbalanced and meshed distribution system. Several artificial intelligence based techniques have been proposed for solving the DG optimization problem. In [8] , the authors used firefly algorithm for solving DG placement and sizing in order to obtain minimum loss, voltage profile improvement and minimum generation cost. But the key disadvantage is slow convergence. Bacterial foraging optimization algorithm (BFOA) and modified BFOA are used in [9] and [10] respectively for solving the optimal DG placement (ODGP) problem. The main drawback is complexity of the algorithm and hence the less convergence speed.
Invasive Weed Optimization algorithm is applied for reconfiguration and DG placement problem in [11] and [12] . But % power loss reduction is near optimal when compared to other optimization methods. In [13] , Rank Evolutionary Particle Swarm Optimization (REPSO) is used for solving reconfiguration and DG placement problem. The main disadvantage is poor convergence speed. The authors of [14] improved the teaching learning based optimization (TLBO) with quasi-opposition based rules for obtaining the optimal solution for ODGP problem. The results are enhanced still the convergence time is slightly high. The authors considered power loss minimization and DG installation cost as two objectives using the weighted sum method and solved using sequence quadratic programming deterministic technique in [15] . The proposed technique in [16] is adjusted to attempt the deficit of loss sensitivity factors and to decide the final placement of the DGs. Initial DG locations are obtained by framing fuzzy rules based on sensitivity factors and bus voltages. Cumulative Voltage Deviation (CVD) is used to indicate the voltage profile improvement. The backtracking search optimization algorithm is also a population based iterative, evolutionary algorithm consists of initialization, selection, mutation, crossover and selection. The determination of optimal location and sizing of DG units using multi objective performance index (MOPI) for enhancing the voltage stability of the radial distribution system is presented in [17] . The different technical issues are combined using various weighting coefficients and solved under different operating constraints using a Chaotic Artificial Bee Colony (CABC) algorithm.
In [18] , the authors utilized a new nature inspired approach intelligent water drop algorithm for sizing of DGs and loss sensitivity factor (LSF) is used to find the optimal location. The drawback of this method is the results are near optimal. The authors of [19] presented a two stage approach fuzzy set theory to find optimal location of DG and clonal selection algorithm to find the DG size. Time consumption for obtaining the solution is slightly high. In [20] , the authors projected cuckoo search algorithm to find the optimal location of wind based distributed generators in order to reduce the power loss of the distribution system. The authors of [21] , used Newton-Raphson extended method with Naplan software to find the power losses at each bus. The power losses at each DG connected bus are considered for the selection of optimal location of DG.
In [22] , Particle Swarm Optimization (PSO) is proposed for multi DG placement for power loss reduction and voltage profile improvement. The authors of [23] used Symbiotic organism search (SOS) algorithm to DG placement problem. SOS algorithm is a nature inspired heuristic technique, based on the symbiotic relationship between different biological individual species. In [24] , the authors proposed Grey Wolf Optimizer (GWO) to solve the multi objective function in terms of minimization of reactive power losses and voltage profile improvement. The authors [25] presented a hybrid approach with an analytical method used to find the size of DGs and PSO based technique is applied to determine the location. They have considered different types of DGs for analysis. The authors of [26] developed Multi-objective Shuffled Bat (MOShBAT) algorithm to determine the DG placement and sizing, in order to minimize the multi objective function considering the power losses, cost and voltage deviation. The method is based on the Shuffled frog leaping algorithm and Bat algorithm.
In [27] , modified Firefly Algorithm is applied to determine the optimal size and location of DGs in unbalanced distribution system. The DG in this algorithm is framed with a flexibility to change the PV node to PQ node, when the reactive power limit is violated. The authors of [28] proposed flower pollination algorithm (FPA) to find the DG size and index vector method to determine the DG location. Index vector is framed with reactive component of current in the branches and reactive power load concentration at each node obtained from the base case load flow results. In [29] , backtracking search algorithm is presented to find the optimal location and size of DG. The initial location of DGs is found out by framing fuzzy expert rules using loss sensitivity factor and bus voltages. The authors framed multi objective function which comprises minimization of power loss and maximization of voltage stability index. DG sources classified as four types. The authors applied the algorithm to first three types to validate the results.
i. Type-I: DG capable of injecting real power only ii. Type-II: DG capable of injecting reactive power only iii. Type-III: DG capable of injecting both real and reactive power iv. Type-IV: DG capable of injecting real but consuming reactive power
The main drawbacks in all the above methods are poor convergence speed and obtaining near optimal solutions. In 2012, Gandomi and Alavi [30] , proposed a biologically inspired swarm intelligence algorithm, known as Krill Herd Algorithm (KH). This method is based on the simulation of herding behavior of the large number of individual krills. The KH algorithm is capable to explore the search space globally, but it fails to select sometimes the global optimum solution in the search space. In [32] , the authors have minimized annual energy losses by using different renewable energy resources like bio-mass, solar and wind DG units. The Oppositional Krill herd Algorithm (OKHA) is used to determine the optimal location and size of DG units. Later in 2014, Wang et al. [35] , added updated genetic operators namely stud selection and crossover to KH method to avoid being trapped in local optima. In SKH, stud selection and crossover (SSC) operator is used, which injected real power at bus 1 (kW) Q inj injected reactive power at bus 1 (kVAR) accepts the newly generated better solutions only, rather than selecting all the other possible solutions. This paper is aimed to overcome all the above drawbacks by implementing one of the new bio -inspired, heuristic technique, Krill herd algorithm with stud operators namely Stud Krill herd algorithm for solving the Distributed Generation optimization problem with active power loss minimization as objective function subjected to various constraints like Voltage limit constraint, Real power limits, DG location and DG capacity limit and an optimum solution is obtained using SKH algorithm. Both KH and SKHA are applied on 33, 69 bus IEEE standard test systems and 94 bus Portuguese radial distribution systems with multiple DG's at various load conditions. The results are compared with other recently developed methods like intelligent water drop algorithm, bacterial foraging optimization algorithm (BFOA), firefly algorithm, QOTLBO and analytical methods. The paper is organized as follows: Abstract, (1) 
Problem formulation

Load flow equations
Due to high R/X value, the classical load flow techniques Newton -Raphson and Gauss -Seidal methods are not suited for solving RDS load flow problem. The forward -backward sweep algorithm [31] , based on basic formulation of Kirchhoff's laws is used for finding out the power flow in the system. RDS Load flow solution method steps:
1. Read system data. 4), calculate the total real and reactive power injected,
where, P inj = P Slack Now, calculate the system power loss as
11. Print the results.
Objective function and constraints
The main objective of determining the optimal placement and sizing of DG is to minimize the system power loss subjected to various equality and inequality constraints of a distribution network such as voltage limit, DG real power limit, power balance constraint and DG location limit.
ndg -number of DG units connected Subjected to constraints
Voltage limit
The voltage magnitude should be within the minimum and maximum limits. The total real power generated by the DGs should be less than the sum of total demand excluding the slack bus and real power loss.
4. DG location DGs should be placed within the total number of nodes.
1 < DG loc < n; n ¼ number of nodes ð11Þ
Krill herd Algorithm
Krill herd Algorithm is a biologically inspired swarm intelligence algorithm which is proposed by Gandomi and Alavi in [32] . In this population based algorithm, each krill individual has a fitness function which is defined by its distances from food and highest density of swarm. Each krill individuals modify its position using three processes namely movement induced by other krill individuals (local), foraging motion (global) and random physical diffusion. The fitness (imaginary distances) is the value of the objective function. In [33] , the authors used the krill herd algorithm for the solution of economic load dispatch problem.
The n dimensional decision space is given by
where N i -movement induced by other krill individuals
For each krill individual the movement is given by, The foraging motion depends on food location and previous experience about food location.
Sensing distance is given by the equation
If the distance between the krill individuals is less than the defined sensing distance, then they are neighbors.
where, N -number of krill individuals V f -foraging speed, ms
À1
x f -inertia weight of the foraging motion in the range (0, 1)
-last foraging motion
The physical diffusion of the krill individual is a random process.
where
Motion process of KHA
The position vector is given by
where 
Genetic Operators
Crossover: 
Stud Krill herd Algorithm
In [35] , the authors introduced a reorganized genetic reproduction schemes, called stud selection and crossover (SSC) operator, into the KH during the krill updating process. In regular KH algorithm, the search depends fully on randomness; therefore, it cannot always converge rapidly. The aim of SKH is to accelerate convergence speed. The SSC operator is applied to fine-tune the selected solution in order to improve its consistency and robustness for global optimization. In SKH, the SSC operator is employed only to take the newly generating better solutions for each krill individual; as in KH, it is tending to accept all the updated krill. The proposed SKH approach can search the whole space widely by basic KH method and take out useful information by SSC operator. Foraging activity (14) 
Simulation results
The Krill herd and Stud Krill herd Algorithms are implemented on the 33 bus, 69 bus IEEE radial test system and 94 bus Portuguese radial distribution system. The software program is developed in MATLAB 2009a environment and executed on intel Core processor i3 -2120 CPU with 3.30 GHz. The various control parameters applied for SKHA are given below and are common for all the test systems. The proposed technique can be implemented for any number of DGs, but for reliability the number of DG's are limited to three [9] . For all the test systems, bus 1 is taken as slack bus. The load is varied as light (0. Fig. 1 . The total system losses of an uncompensated system is 210.9876 kW. In this paper, minimization of system losses is considered as objective function and is achieved by introducing DGs in the system. The optimal location and size of DGs are found out by KH and SKHA and the corresponding results are tabulated in Fig. 2 shows the effect of number of DG units in loss minimization and Fig. 3 illustrates the voltage profile improvement with respect to number of DG units. Fig. 4 shows the comparison of convergence characteristics of KHA and SKHA.
To verify the efficiency of the algorithm, the optimal location of DGs is found for the system at different load levels -light (0.5), nominal (1.0) and peak (1.6) at full load and the corresponding results are tabulated in Table 2 and it is observed that the minimum voltage magnitude is improved at all load levels after the implementation of the algorithm. The attained results of KHA and SKHA are compared with various recently developed methods from the literature in Table 3 . It is observed that SKHA gives optimal solution when compared to other methods.
Case 2: 69 -bus system
For the 69 bus RDS test system the base voltage is 12.66 kV and the total load is (3.80 + j 2.69) MVA [34] . The single line diagram of 69 bus system is shown in Fig. 5 . The proposed method is employed on 69 bus system and the power loss of the system without DGs is 220.534 kW. The proposed SKHA is used to find the optimal DG locations and sizes; the acquired results are structured in Table 4 . The graphical representation of network real power losses and voltage profile with single and multiple DGs Table 2 Summary of results of 33 bus system after applying DG using KHA and SKHA with Load Variation. Bold values represent the reduction in loss. .1736 kW at bus 11. At different load levels the performance of the system is given in Table 5 . The results are compared with various methods from literature and are listed in Table 6 and convergence characteristics of KHA and SKHA is shown in Fig. 8 . The results show the effectiveness of SKHA in the improvement of results.
Case 3: 94 -bus system
The base voltage of 94 bus Portuguese RDS test system is 15 kV [36] with a total load (4.797 + j2.324) MVA and the single line diagram is shown in Fig. 9 . The power loss of the system without DGs is 362.8578 kW. The proposed SKHA is employed to find the optimal DG locations and sizes; the acquired results are structured in Table 7 . The graphical representation of network real power losses and voltage profile with single and multiple DGs are given in Figs. 10 and 11 respectively. After DG placement the real power Table 8 . The results are compared with various methods from literature and are listed in Table 9 and convergence characteristics of KHA and SKHA is shown in Fig. 12 .
The strength of the algorithm is established by various statistical measuring factors after 25 trials and exhibited in Table 10 . Many independent trials have been carried out to verify the efficacy of the algorithm because of the randomness of the algorithm. The analysis is carried out for the system connected with three DGs at nominal load condition. The best solution is near to the average value.
Conclusion
In this paper, Stud Krill herd Algorithm is implemented to find the optimal location and capacities of DGs for power loss minimization in radial distribution system. The proposed method is applied on 33 bus, 69 bus and 94 bus Portuguese radial distribution systems at different load levels with single and multiple DGs and the results obtained show the effectiveness of the algorithm. The results illustrate that including DGs reduce the real and reactive power losses in the system and improve the voltage magnitude. From the results, it is concluded that Stud Krill herd Algorithm can be employed for solving the optimal DG placement problem in radial distribution system. SKH noticeably advances the accuracy of the global optimality and the superiority of the solutions. The proposed algorithm can also be extended to find the optimal location and size of multiple DGs for loss reduction along with minimization of system cost and voltage deviation. Bold values represent the reduction in loss. Bold values represent the reduction in loss.
